BACKGROUND Femoral intertrochanteric fracture is an important cause of disability in the elderly. Low muscle mass, especially those of the lower limbs, has been associated with osteoporosis and higher fall incidents. This study was aimed to assess the association between the anthropometric indices and intertrochanteric fractures.
Proximal femoral fractures are an important health problem for the elderly around the world. As longer life expectancy is associated with more elderlies in the population, the highest prevalence of proximal femoral fractures is in the European countries where life expectancy is longer. However, in Asia and in many other developing countries where life expectancy is rapidly increasing, the prevalence of proximal femoral fractures has also increased. It has been estimated that, by 2050, more than half of proximal femoral fracture cases will occur from Asia.¹ About 45% of all proximal femoral fractures are fractures in the intertrochanter region, which is the area between the major and minor trochanter. Intertrochanteric fractures cause severe physical impairments, a major decrease in the quality of life, and prolonged hospital stays or even deaths. Although age-related osteoporosis is an important risk factor for fractures, osteoporosis is not the only risk factor.² As most of the fractures were associated with low-energy fall, the risk for fall was also most likely associated with the risk for fractures.³ Obesity, due to the abundance of estrogen producing fat tissue, was always regarded as protective for osteoporosis in women.⁴ However, obese individuals tended to have poorer balance, i.e., higher risk for fall, especially those who had less muscle mass. As almost half of the human's body muscle mass was in the lower limbs, circumferences of the lower limbs, including the thighs and calves, were a good proxy of muscle mass.⁵
The impact of the circumferences of the thigh or calf as a risk for fractures has not been established. Higher thigh circumference was, perhaps, associated with higher soft tissue mass around the femur that may reduce the impact of fall.⁶ Higher calf circumference, however, was more likely associated with higher overall muscle mass.⁷ The understanding of risk factors for fractures were necessary to form a recommendation for prevention. This study was aimed to assess the association of the body's anthropometric indices (height and weight), body mass index (BMI), and thigh and calf circumferences with the intertrochanteric fracture risk.
METHODS
This case-control study used data of elderly patients admitted in the Orthopedic Wards of Dr. Sardjito Hospital because of femoral intertrochanteric fracture and healthy elderly patients in the general population. For the cases group, the inclusion criteria were patients of Javanese descents aged >60 years; had femoral intertrochanteric fracture due to a simple fall or any low-energy injury within 72 hours of admission. Subjects were excluded when they had multiple fractures or pathologic fracture due to metastatic cancer. The control group were Javanese elderly subjects who had never had any type of femoral fractures selected from the neighborhood of the patients' residence and matched with age and gender. This study recruited only Javanese subjects to reduce variability. The study was performed from September 2013 to July 2015.
The sample size was estimated using OpenEpi (www.openepi.com) with an estimated proportion of exposure of cases of 33%, an estimated odds ratio (OR) of 2.0, a significance level of 95%, and a power of 80%, the recommended minimum subject size was 77 in each group.⁶ Anthropometric measurements of thigh and calf circumferences were performed on the healthy limb using a nonstretchable tape, rounded to the nearest 0.1 cm. Thigh and calf circumferences were then categorized using cut-off of each median of all subjects (case and control groups). Body height was measured in a supine position to the nearest 0.1 cm, whereas weight was measured with a body weight scale to the nearest 0.1 kg. Body mass index (BMI) was calculated as weight in kilograms divided by height in meters squared. BMI was classified using quartiles.
The questionnaires were used to obtain data on age, sex, and steroid use history. Steroid use was regarded as positive when subjects used any corticosteroid routinely in the last 6 months. The corticosteroid use included those prescribed by a medical doctor for any indication, such as allergy or asthma, or those obtained over the counter.
This study had obtained ethical approval from the Medical and Health Research Ethics Committee, Faculty of Medicine, Universitas Gadjah Mada, Dr. Sardjito Hospital (No: KE/FK/499/EC/2015). Odds ratio (OR) (95% confidence interval [CI]) was calculated for BMI, thigh circumference, calf circumference, and steroid use. Statistical significance was set at p < 0.05. Student's t-test, chi-square tests, and logistic regression models were used. Statistical analyses were performed using SPSS version 17 (SPSS Inc, USA).
RESULTS
There were 90 patients diagnosed with femoral intertrochanteric fractures between September 2013 and July 2015 in Dr. Sardjito Hospital. Eight patients were excluded in this study; five patients were not admitted within 72 hours and three patients had oncological pathological fractures as suggested by their X-rays. Of 82 patients, 61 (74%) were women. The gender has the same frequency since case and control were matched for gender and age. The mean (standard deviation [SD]) of ages were 75.3 (5.8) years in the case group and 74.9 (4.8) years in the control group. Anthropometric measurements of the cases and controls are presented in Table 1 . The cases had significantly less weight, BMI, and thigh and calf circumferences.
Higher BMI and larger thigh or calf circumference had protective effects on the risk of fractures ( Table 2 ). It also showed that the protective effect of BMI was dose-related. The higher the BMI quartile, the lower the risk is. Table 2 shows the protective effect of larger thigh and calf circumferences persisted after controlling for BMI, steroid use, age, and gender. The mean (SD) thigh and calf circumferences were 39.9 (4.2) and 29.8 (4.1) cm in non-steroid users and 38.4 (4.6) and 28.2 (4.6) cm in steroid users, respectively. Their mean differences were 1.5 (−0.5-3.6) cm (p = 0.15) and 1.6 (−0.4-3.6) cm (p = 0.11), respectively.
Multiple logistic regression models were also analyzed using continuous data of thigh and calf circumferences as the independent variables ( Table 3 ).
The models showed that, after adjustment for BMI, age, and sex, every centimeter increase in thigh circumference was associated with a 28% decrease in odds. Similarly, every centimeter increase in calf circumference was associated with a 38% decrease in odds.
DISCUSSION
This study observed that higher BMI and larger calf or thigh circumferences were associated with less risk for femoral intertrochanteric fractures. The
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Cases, mean (SD) (N = 82) Controls, mean (SD) (N = 82) Mean difference (95% CI) p protective effect of BMI was dose-related: the higher the BMI, the lower the risk. The protective effect of larger thigh and calf circumferences persisted after controlling for BMI, steroid use, age, and sex, which means larger thigh or calf circumferences were independently associated with less risk for fractures. Previous studies had also reported that larger body size, as indicated by higher BMI or body weight, had less risk for hip fracture. BMI was usually used as a proxy for body fat, which was often regarded as the source of estrogen, a protector of osteoporosis.⁸ However, higher BMI might also be the proxy of larger muscle mass, an indication of active lifestyles. Larger muscle mass, especially muscle mass of the lower limbs, was significantly associated with higher femoral neck bone mineral density.⁹ The impact of abdominal obesity, as shown by higher waist circumference, with the risk for fractures had recently become an important issue in the elderly. As higher BMI, which was usually associated with higher waist circumference, was known to have a protective effect for hip fractures, a recent metaanalysis showed that higher waist circumference was associated with a higher risk for hip fractures, independent of BMI. 8, 10, 11 As abdominal obesity, compared with BMI, was known to be a better proxy of body fat,¹² this observation seemed to reject the associations between higher fat mass, higher estrogen level, and lower fracture risks. The other hypothesis was, more likely, the lean component of the body mass was the more important protector of hip fractures.
Parker et al⁶ observed that thigh circumference was an important protector for hip fracture because of its role in absorbing the direct impact. Their prospective study on a cohort of postmenopausal women found an inverse association between hip circumference and hip fracture incidents. This association persisted after controlling for waist circumferences. As thigh consisted primarily of bone and muscle mass, this observation also emphasized the importance of adequate lean body mass on the risk of hip fractures.
Calf circumference was considered as a good muscle-measuring approach because the lower limbs contained almost half of the body's muscle mass and had been recognized as related to physical activity and active lifestyle.⁵ Calf circumference was also a good predictor for sarcopenia, i.e., insufficient lean body mass.¹³ Beside associated with lower femoral neck bone density, Diaz-Villegas et al³ also reported a higher risk of falls in the elderly who had lower calf circumferences. Our study, consistent with other previous studies, emphasized the importance of adequate lean body mass to prevent fractures in elderly.⁹
The median thigh and calf circumferences observed in this study were 39 and 29 cm, respectively, and they were used as the cut-off values of this study. Diaz-Villegas et al³ used 31 cm as the cutoff value for calf circumference, as its mean (SD) in their population was 31.3 (5.3) cm. It seemed that the cut-off might differ between population. Our study also observed that, for every centimeter increase in thigh or calf circumferences, the odds for fractures were lowered, i.e., OR 0.72 (95% CI 0.63-0.83) for thigh circumference and OR 0.62 (95% CI 0.52-0.73) for calf circumference. To the best of our knowledge, we have not been able to find any other studies reporting the inverse dose relationships between thigh and calf circumferences with the risk of fractures. To be able to assess the dose relationship Table 3 . Univariate and multivariate logistic regression models for predicting femoral intertrochanteric fractures using continuous data of thigh and calf circumferences of the circumferences with the risk of fractures, a study involving more subjects with larger ranges of thigh or calf circumferences is needed. Age, sex, and corticosteroid use history were regarded as important confounders. Age and sex were strongly associated with risk for osteoporosis. Steroid use history was known to be associated with both osteoporosis risk and smaller limb circumferences, as it was well known that routine steroid use was associated with truncal obesity and smaller limbs' circumferences.¹⁴ Although not statistically significant, this study also observed smaller thigh and calf circumferences in steroid users.
Sedentary lifestyle did not increase the prevalence of obesity in the elderly, as problems of sarcopenia, i.e., inadequate lean body mass, were also increasing. Sarcopenia had been recognized to be associated with a less active life and a risk factor for many diseases in the elderly.¹⁵ Sarcopenic subjects were more likely to have osteoporotic bones that were regarded as the most important risk for fractures. 7, 16 The result of this study, in line with other previous studies, emphasizes the importance of sustaining lean body mass in the elderly through maintaining an active lifestyle. Unfortunately, we had no information on the subjects' lifestyle. This is considered as one of the limitations of the study.
The other limitation of the study was that the waist circumferences were not measured because a previous study had observed a higher risk for fracture in those who had larger waist circumferences.¹⁵ In conclusion, this study observed that after adjustment for BMI and steroid use, calf and thigh circumferences were independently associated with the risk for intertrochanteric fractures in Indonesian elderly. As thigh and calf circumferences are most likely representing the adequacy of the lean body mass, i.e., musculature and bony components of the body, this study emphasized the importance of maintaining the adequacy of lean body mass in elderly.
